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@ Process for pnxhidngparaphenylenediamine mixtures. 

Mixtures of N,N'-disubstituted paraphenylenediamines 
are produced in a process wherein a nftrogervcontsining 
compound such as 4-nitrodiphenylam1ne is reducthrelv atky- 
lated wfth a plurality of ketones In sequence. 
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PROCESS FOR PRODUCING PAR APHENYLENED I AMINE MIXTURES 
BACKGROUND OF THE INVENTION 

This invention relates to a process for preparing 
a mixture of H, N ' -d i subst i t ut ed paraphenyl enediamines. 

t^>N'-disubstituted oaraphen yl enpd-iamines arp 
widely used in rubber as antidegradants, and are 
particularly effective in protecting vulcanized 
rubber from ozone attack. A number of di fferent 
paraph enyl en edi amine (PPD) materials are made and sold 
commerc ially for this p urpose. 

Bl ends of two or more PPDs have been advantageously 
used in rubber, and provide certain advantages over the 
individual PPD materials. Some PPDs exhibit melting 
points which are sufficiently close to room temperature 
as to give handling difficulties. It has been found 
advantageous to blend two or more PPDs for the purpose 
of obtaining a product which can be handled as a liquid 
under normal temperature s. Blends are also used where 
the particular properties of two or more PPDs are 
desired in a single product. 
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Blends can be produced by physically nixing two 
or more separately-prepared PPDs, but this method 
requires additional storage and mixing equipment. 

Another method of preparing blends is shown 

in U. S. Patent 3,542,691« wherein a mixture of methy 

isobutyl ketone and methyl isoamyl ketone is used to 

reductively alkylate 4-aDi nodi phenyl amine* producing 

a mixture of N,-C1 »3-dimethylbutyl>-N*-"phenyl-£- 

phenylenediamine and M- (l,4-dimethylainyl>-N'-phenyl -p^ 

phenylenediamine. This method has its drawbacks as 

well, primarily in the recovery of unreacted ketones. 

The reductive alkylation re action necessarily produces 

a certain amount of by-product alcohols, resulting from 

h yd roge natio n of the ketones , a nd these alcoho l s are 

extremely difficult to separate from the ketones. The 

— — — ■ — ■ — " ' - 

mixture of two ketones, their respective alcohol 

counter pa rts and water presents a serious problem in 

the recovery of valuable by-products and unreacted 

ketones. 

Thus, the need exists for a method of pre pa ring 
mixtures of PPDs which avoids the effort and expense 
of se pa rate preparations^ yet does not entail the 
pr obi ems inherent in the mixed -ketone process. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a process for preparing PPD ^nixtures which avoids the 
problems as so ci a ted with the prior art processes. 
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This and other objects are acconplished by the 
process of the inv ention which is an Imp rovement in 
the process for preparing a mixture of two or more 
different* N« N*-disubstituted pa raphen/1 enediami nes by 
the reductive alkylation of a nitrogen-containing 
compound selected from 4— ni t rod i ph en/1 ami ne, 4-amino- 
diphen/1 amine* £.~ni troaniline and paraphenylenediamine 
with two or more ketones selected from 



0 
It 

(CH2)x and R^-C-R2 , 

wherein x is an integer of from 2 to 9 and R] and R2 

are alkyl of 1 to 8 carbon atoms, with the proviso 
that the total number of car bo n atoms in R-j and R2 

together is nine or less, in the presence of hydrogen 
and a catalyst, the improvement comprising charging 
the ket ojies sequential l y and reacting each essential 1y 
to completion before charging the next. 

The^ketones used in the process of the invention 
include, in addition to cycl ohexanone, acetone, methyl 
ehtyl ketone, diethyl ketone, methyl propyl ketone, 
methyl isopropyl ketone, ethyl propyl ketone, ethyl 
isopropyl ifetone, dipropyl ketone, diisopropyl ketone, 
methyl butyl ketone, methyl i sobutyl ketone, methyl sec 
butyl ketone, methyl Jtert -butyl ketone, ethyl butyl 
ketone, ethyl isobutyl ketone, ethyl sec- butyl ketone, 
ethyl t ert -butyl ketone, propyl butyl ketone, isopropyl 
butyl ketone, propyl isobutyl ketone, propyl sec- butyl 
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ketonCf propyl t er t -butyl ketone » isopropyl i sobu ty1 
ketone, isopropyl sec- butyl ketone^ isopropyl ter t- 
butyl ketone, dibut/1 ketone, diisobutyl ketone, 
dT- sec -butyl ketone, d i-t_ert-butyl ketone, butyl 
ISO butyl ketone, butyl sec- butyl ketone, butyl 
ter t- butyl ketone, isobutyl sec- butyl ketone, isobutyl 
ter t- butyl ketone, sec- butyl tert- buty 1 ketone, 
5-heptanone, 5-methyl -2-hexanone Cmethyl isoanyl ketone) 
4-methyl-2-hexanone, 3 -methyl -2-hexanone, 3,4-dinethyl- 
2- pent a none, 3, 3-d imet hy 1 -2- pent a none, 4 , 4-d imethyl- 

2- pentanone « 370ctanone, 4 -methyl -3-heptanone, 5-methyl - 

3- heptanone, 6-(Bethyl -3-heptanone, 4, 4-d i methyl -3- 
hexanone, 4 , 5-d i methyl -3-h ex anone, 5, 5-di methyl -3- 
hexanone, 4-nonanone, 5-methyl -4-oct anone, 6-iDet hy 1 -4- 
octanone, 7— me t hy 1 -4-oc t anone, 5,5-d-imethyl -4-h ept anone, 
5 , 6-d imet hy 1 -4-heptanone, 6, 6-d Imet hy 1 -4-heptanone, 

and the 1 ike. 

Reductive alkylation of 4-nitrodiphenylamine with 
a ketone produces a N-substituted N ' -phenyl-£-phenyl ene- 
diamine by way of a two-step reaction. First, the nitro 
group is hydrogenated to give 4-aminod i phenyl ami ne- Then» 
the ketone adds to the 4-amino group in the second 
step of the reaction. If the starting compound i s 

4- aminodiphenylaDiine the reaction can, of course, 
proceed in a single step. ^-nitroani 1 ine or phenylene 
dia min e i s the nitrogen containing comp ound, successive 
k etone additions produce a product whi ch is a mixtu re 

of symmetrical and unsymiaetr ical PPDs- 



0084527 



A3-51-6373A 

-5- 

By reacting "essentially to completion" is oeant 
reacting to the extent that very little, if any, 
of the unrcacted ketone is left in the reactor. 
Ideally, none will be left, however, trace amounts 
can remain, as a practical natter, and will not negate 
^^^^^e value of the process. 

The process of the invention is preferably 
performed at superatmospheric temperatures and 
pressures, more preferably at temperatures of from 
50 to 240*C and pressures of from about 1.5 to 15 
MPa, although higher pressures, up to 30 HPa can be 
used if desired. The reaction vessel used must be 
capable of withstanding the pressures used, so the 
use of extremely high pressures should be avoided, 
since they require prohibitively expensive equipment. 

A variety of catalysts are known to be effective 
in reductive alkylation or hydrogenat i on reactions. 
Among these catalysts are nickel and/or plati num 
c^mpound^, and cobalt or copper chrooite. Prefer red. 
in the process of the invent ion is platinum, and most 
pr ^erabl y» platinum or carbon together with the 
acidic carbon co-c a ta I yst described in Summers 
U- S. Patent 3,414,616. 

By definition, the proces s of the i nvention invol ves 
the reaction of two or more ke tones in sequence. There 
IS no theoretical limi t to the number of ketones which 
co uld be used, although as a p ractical matter the use 
of more than three ketones is unlikely, and most 
processes will use only two- - 
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No solvent need be used in the process of the 
invenfion, since t he ni t pogen-contai ni ng compounds 

are fluid trl^ g tem pgraturg employed, and the 

t 

ketones act a s solvents o r diluents in the reaction 
zone. If desiredt however^ a coopatible solvent 
could be used, and if relatively inert to the 
reactants, catalyst and product, would not interfere 
with the process. 

At the recotnnended temperatures and pressures 
the time of the reaction is sufficiently short as to 
be econoffli c al ly acceptable, yet not so short as to be 
difficult to control. Ideally, the reaction can be 
completed in several hours from initial charge to 
completion. If a nitrogen-containing compound is 
4-ni trodiphenyl amine, the nitro reduction phase of 
the process can be completed in from ten to sixty 
minutes, preferably from 14 to 30 m inut es, and is 
signalled by a sharp drop in temperature. The first 
and subsequent reductive alkylation reactions can be 
completed in from 30 to 150 minutes each. 

Recovery of t he produc t mer ely requires rem oval 
of the catalyst and vol at i 1 es therefrom, and yielr^s 
caT run Tron""80to 99+X . It is generally economica l 
to recover and recycle excess k etone, if present, and 
us ually preferably to separate from the ketonea s much 
ag ig _practicq h1 ft n-f i-hg ^ppurities. compr ising wat er 

an d alc ohols. The separation can be performed by 

■ 

distillation, with separation of aqueous portions of 
the azeotropes encountered, or with separation of the 
aqueous layer followed by distillation of the ketone 
1 ayer - 
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■» A n oaber^ ^j^ atjuantaqg^ ^fe^real ized by the 

prosJ^^ s the loitent^on, as compared with the known 

me thod of charging a ta^xture of ketones together with 
a nitrpgen-conta i ning co mpound: 

First, It is possible, in the process of the 
invention, to recover excess ketone which is a single 
'ketone, rather than a mixture of two or more ketones; 
In recycling the excess ketone a difficult and costly 
separation step can t^us be avoided. 

Second, an Initial charge of all the nitrogen- 
containlng compound plus only one ketone results in a 
substantial excess of the nitrogen-containing compound 
being present during the Initial stage of the reaction, 
thus providing a driving force for the reaction. Then, 
the charge of the last ketone can be in large excess. 
If desired, so as to provide not only a driving force 
for the reaction but also a solvent for the reaction 
mass. 

Third, the process of the Invention gives a 
precise method of achieving a desired ratio of pa ra- 
phe nylenedlanines In the product. The Initial ketone 
charge can be reacted until no free ketone Is found In 
the reaction zone, and the final step can be carried 
out until no nitrogen-containing compound remains, 
assuring precise control. In contrast, the reaction 
of the mixture of ketones is subject to their Inherently 
differ! ng reaction rates, which will be further c hanged 
by differing concentrations and temperatures as the 
reaction proceeds. 
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Finally, the process of the invention permits 
a lower concentration of ketones in the reaction zone 
at any one time, thus reducing the amounts of ketone 
which are hydrogenated to alcohols, an undesirable 
side reaction which not only consumes a reactant but 
produces a by-product which is difficult to separate 
from the recovered unreacted ketone. 

In summary* the process of the invention orovides 
an accurate, cosfsaving method of produc ing mixtures 
of alkyl (or cycloalkyO substituted paraphenylene- 
d i am i nes • 

DETAILED DESCRIPTION 

A better understanding of the invention may be 
obtained by reference to the following examples, in 
which all parts are by weight unless otherwise indicated. 

EXAMPLE 1 

To a Parr autoclave equi pped with an agitator, 
coil for heating or cooling, thernowell, vents, 
rupture discs, appropriate sampling vents and stainless 
steel filter are charged 214.3 parts by weight CI .0 mol e> 
of 4-ni t rod i phenyl am ine C4-NDPA) , 56.4 par ts by weight 
CO. 494 mole) of methyl isoamyl ketone CMIAK ) > 6.C 
parts by weight of IX jiatinura on^ car bon C63X water) 
and 6.0 parts by weight of acidic carbon co-catalyst 
CSummers U. S. Patent No. 3,414,616). 

The autoclave is purged twice with nitrogen and 
twice with hydrogen, and the reactor contents heated 
to 115' ± 5**C. Hydrogen is fed into the system to a 
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pressure of from 2.0 to 2-8 MPa. After 20 minutes 
reaction a drop in tenperature signal s the end of the 
nitro reduction- The autoclave contents are then 
raised to 150* ± 5*C and 2.8-3-5 MPa hydrogen. After 
113 cDinutes at the higher pressure and tenperature, 
sanpling reveals that all of the niAK is reacted. 

The autoclave is then cooled and charged with 
120 parts by weight (1.20 laoT es) of me thyl i sobuty l 
ketone (niBK) . The temperature of the reactor contents 
is then ra i sed to 150* - 5**C and the hydrogen pressure 
is adjusted to 2.8-3.5 HPa for 95 minutes. At the 
end of this tine no A-NDPA is detectable and the crude 
product is filtered. 

The MIBK- water azeo trope is distill ed from the 
filtrate and the aqueous layer of distillate returned 
to the distillation flask until only a single-phase 
aqueous distillate is collected. 

The residue (product) is then heated to ISO^C at 
a pressure of 40 mm mercury (5.3 Pa> for 30 minutes, 
to remove residual volatiles. 270 grams of product are 
recover ed. Analysis by ga s-c hromatography indicates 
the final product to be 50 . 8X CK4-d iro ethvl amy 1 ) ' - 
phenyl -£-pheny1 enediamine and A8.7X N-<1, 3-d imethylbutyl)- 
N'-phenyl phenyl enediamine. " 

EXAMPlF II 



The process of Example lis repeated several 
times, exc ept that the molar ratio of niAK: KIBK i s 
changed from about 1:1 to about 2:1. The reductions 
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proceed as described in Ex am pie I» with the nitro 
reduction completed in 15-30 coinutes as signalled 
by a temperature drop* The reductive allcylation o* 
niAK is completed in 73-115 minutes* as Indicated by 
GC analysis of the reactor contents. The reductive 
allcylation of MIBK is then completed in 75-90 minutes, 
monitored again by 6C anal ys is. Analyses of the 
product gave 62.E-65.0Z N- C 1 , 4-d imethyl amyl) -N • - 
phenyl -p;-pheny1 ened iami ne and 32-6-34. 7X N-C1,3- 
dimethylbuty1)-N '-phenyl- p-phenylenediamine. 

EXAMPLE III 

In order to evaluate the process of the invention 
in producing di-a1ky1 paraphenylenediamines, the method 
of Ex am pi e I was repeated, except that paranitroaniline 
was substituted for 4-NOPA* The following were charged 
to the Parr autoclave: 

110.4 g. CO. 80 mo1e> paranitroaniline 

91.3 g. CO. 80 mo1e> HIAK 

12-0 g. catalyst CIS Pt on carbon, 63X water) 

6.0 g. carbon co-catal yst 

The autoclave was purged twice with nitrogen, 
then twice with hydrogen. A pressure of 2.1 rlPa hydrogen 
was placed on the autoclave and the exothermic reaction 
started at 20^ C. The temperature was allowed to 
increase to 120*C Cover a fifteen-minute period) and 
the hydrogen pressure was maintained at 2.0-2 .8 HPa r 
After twenty minutes the hydrogen pressure stayed 
constant and the temperature began to decrease, indicat- 
ing completion of the nitro reduction. The autoclave 
contents were then heated to 150 ± 5 C and the hydrogen 
pressure kept at 2-8-3 -5 MP a for three hours. 
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The autoclave was then cooled, and 184.Ag.Cl.eA 
moles) MIBK were charged. Purging was again perforned 
with nitrogen* then with hydrogen and the reactor 
contents were" then heated to 150' ± 5*C at 2.8-3.5 
MPa hydrogen pressure for three hours. 

The crude product was filtered, as before, and 
distilled. After removing residual volatiles the 
product was analyzed and found to contain: 

24 -5X N,N'-di (1 , 3-d iroethyl butyl >-p-phenyl enedi amine 
54. OX N-Cl,3-diaiethylbutyn"N'-Cl,4-diiiiethylamyl-£- 

phenylenediamine 
19. IX N,N'-diCl ,4-dinethyl amyl )-£-phenyl enedi amine. 

The non-aqueous portion of the recovery stream had 
the following analysis: 

niBK - 96.6% 
methyl isobutyl carbinol CMIBCD - . l.SS: 

KIAK - 1.1% 
methyl isoamyl carbinol CMIAC) - 0-5% 

In this instance, not all of the MIAK reacted, 
hence a small portion Cabout IX of the charge) regained 
in the crude product and was distilled off. 

The products of the process of the invention 
find use as antidegradants for polymers, and especially 
as antiozonants for diene rubber. Their Inclusion in 
rubber compounds in the amount of from 0.5 to 5 parts 
by weight per 100 parts by weight of rubber gives 
excellent protection from the degrading effects of 
ozone, especially . in tire sidewall applications- 
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The products also find use in synthetic rubber 
as a stabilizer during the recovery, drying and storage 
of the rubber- They are also useful as inhibitors of 
polymerization for monoiser ic material s such as unsaturated 
5 ca rbox y acids and their esters. 

A) though the invention has been i1 lust rated by 
typical examples^ it is not litaited thereto. Changes 
and modifications of the examples of the invention 
herein chosen for purposes of d'isclosure can be made 
10 which do not constitute departure from the spirit and 
scope of the invention. 
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CLAIMS 

A process for preparing a mixture of two or more 
different N.N'-disubstituted paraphenylene-diamines by 
the reductive alkylation of a nitrogen-containing 
compound selected from 4-nitrodipheny1amine, 
4-aminodiphenylamine, paranitroanil ine and phenylene 
diamine with two or more ketones selected from 



tl 

c 



CHg) 



and 



R1-C-R2 , 



wherein x is an integerof from 2 to 9 and Rj and 
are al kyl of 1 to 8 carbon atoms, with the proviso that 
the total number of carbon atoms in R^^ and R^ together 
is nine or less, in the presence of hydrogen and a 
catalyst, characterised in that the ketones are charged 
sequentially and each ketone is reacted essentially to 
completion before charging the next* 



The process of Claim 1, wherein the ketones are 
selected from acetone, methyl ethyl ketone, methyl 
isobu^yl ketone, methyl isoamyl ketone and 
cycl ohexanone . 
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3- The process of Claim 2» wherein 4-nitrodi- 
phenylarnine is reductlvely alkylated first with methyl 
isoamyl ketone and then with methyl isobutyl ketone- 

4- The process of Claim 2 wherein 4-aminodi— 
phenylaoine i s reductively alkylated first with nethyl 

.isoamyl ketone and then with methyl isobutyl ketone- 

5- The process o*^ Claim 1 performed at super- 
atmospheric pressure and temperature. 

6. The process of Claim 5 wherein the reaction 
is performed at a pressure of from 1-5 to 15 !^Pa- 

7- The process of Claim 5 wherein the reaction 
is performed at a temperature of from 50 to 24C''c. 

8- The process of Claim 1 wherein the catalyst 
comprises pi at inun. 

9- The process of Claim 8 wherein the catalyst 
is platinum on carbon. 

10. The process of Claim 9 wherein an acidic carbon 
co-catalyst is also used. 



